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(54) Process for fabricating optical fiber involving tuning of core diameter profile 



(57) A silica-based core rod is traversed by a heat 
source along its longitudinal axis, to provide heated, sof- 
tened regions. During the traverse, compressive or ten- 
sile movements are provided along the rod's longitudi- 
nal axis, these movements inducing, respectively, in- 
creases or decreases In the core diameter at the sof- 
tened regions. By providing selective core diameter in- 
creases and/or decreases across the entire length of the 
core rod, a desired core diameter profile is attained. It 
is possible to attain a substantially uniform core diame- 
ter, or a varying core diameter profile that provides par- 
ticular properties, such as systematically varying disper- 
sion. In addition, due to the ability to increase core di- 
ameter and core rod diameter in a controlled manner, it 
is possible to make larger core rods, and in turn larger 
fiber preforms, than presently possible. The so formed 
core rod is inserted into an overcladding tube and drawn 
to an optical fiber after collapse of the tube onto the core 
rod. 




10 



< 

00 

T— 

o 

CO 



Q. 
UJ 



Printed by Jouve, 75001 PARIS tFR) 



BNSOOCtO:<EP 11S6018A1 I > 



1 

Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The invention relates to fabrication of optical 
fiber, including fabrication of preforms fronn which optical 
fiber Is drawn. 

Discussion of the Related Art 

[0002] Optical fiber is produced from a glass preform. 
The preform is generally arranged vertically in a draw 
tower such that a portion of the preform is lowered into 
a furnace region. The portion of the preform placed into 
the furnace region begins to soften, and the lower end 
of the preform forms what is known as the neck-down 
region, where glass flows from the original cross -sec- 
tional area of the preform to the desired cross -sectional 
area of the fiber. From the lower tip of this neck-down 
region, the optical fiber is drawn. 
[0003] The optical fiber typically contains a high-purity 
silica glass core optionally doped with a refractive index- 
raising element such as gemnanium, an inner cladding 
of high -purity silica glass optionally doped with a refrac- 
tive index-lowering element such as fluorine, and an out- 
er cladding of undoped silica glass. In some manufac- 
turing processes, the preforms for making such fiber are 
fabricated by fonriing an overcladding tube for the outer 
cladding, and separately fomiing a core rod containing 
the core material and inner cladding material. Overclad- 
ding tubes are capable of being formed by a sol-gel 
process, as discussed, for example, in co-assigned U. 
S. Patent No. 5,240,488, or by drawing the tubes from 
a silica billet - such tubes are available commercial ty. 
The core rods are fabricated by any of a variety of vapor 
deposition methods known to those skilled in the art, in- 
cluding vapor axial deposition (VAD), outside vapor dep- 
osition (OVD), and modified chemical vapor deposition 
(MCVD). MCVD, for example, involves passing a high- 
purity gas, e.g. , a mixture of gases containing silicon and 
gemnanium, through the interior of a silica tube (known 
as the substrate tube) while heating the outside of the 
tube with a traversing oxy-hydrogen torch. In the heated 
area of the tube, a gas phase reaction occurs that de- 
posits particles on the tube wall. This deposit, which 
forms ahead of the torch, is sintered as the torch passes 
over it. The process is repeated in successive passes 
until the requisite quantity of silica and/or gennanium- 
doped silica is deposited. Once deposition is complete, 
the body is heated to collapse the substrate tube and 
obtain a consolidated rod in which the substrate tube 
constitutes the outer portion of the inner cladding mate- 
rial. To obtain a finished preform, the overcladding tube 
is typically placed over the core rod, and the compo- 
nents are heated and collapsed into a solid, consolidat- 
ed preform, as discussed in co-assigned U.S. Patent 
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No- 4.775.401 . 

[0004] Optical fiber manufacture has reached a very 
sophisticated level of development. Yet, in some cases, 
fiber specifications are so stringent that it is difficult to 
5 develop processes capable of meeting such specifica- 
tions. For example, the properties of many high-end fib- 
ers, particularly the dispersion properties, are extremely 
sensitive to variations in fiber core diameter In fact, cal- 
culations for some commercially-available fiber have 
10 shown that as little as a ±1% variation in core diameter 
induces up to a ±1 4% variation in dispersion. Due to this 
dispersion effect, specifications for such fiber generally 
allow less than ±2% variation in core diameter. With 
these stringent requirements, it is sometimes difficult to 
15 achieve adequate yields in manufacture. 

[0005] In addition to problems with core diameters, 
there are numerous fiber designs based on particular 
core diameter configurations, where the designs are in- 
tended, for example, to provide specific dispersion prop- 
erties. Yet, there are no existing processes that allow 
production of such fibers in a feasible, commercially-ac- 
ceptable manner The designs remain, therefore, prima- 
rily theoretical. 

[0006] Thus, it would be desirable to have a process 
capable of providing a core rod having substantially uni- 
form core diameter, and, advantageously, also capable 
of tuning the core diameter profile to provide particular 
fiber properties. 

SUMMARY OF THE INVENTION 

[0007] The invention relates to a process capable of 
not only providing a substantially uniform core diameter, 
but also of tuning the core diameter profile for a partic- 
ular fiber design. According to the invention, a core rod, 
typically silica-based, is traversed by a heat source 
along the rod's longitudinal axis, to provide heated, sof- 
tened regions. During the traverse, compressive or ten- 
sile movements are provided along the rod's longitudi- 
nal axis, these movements inducing, respectively, in- 
creases or decreases in the core diameter at the sof- 
tened regions. 

[0008] In particular, as the heat source traverses the 
core rod, the source heats discrete regions of the rod 
above the rod material's softening point. (Softening 
point indicates the conditions at which the material 
reaches a viscosity at which it is possible to induce flow, 
e.g., for silica the softening point generally occurs when 
the material reaches a viscosity of about 10"^^ poise.) If 
the core diameter at the particular region being heated 
is desirably larger, a compressive movement is applied 
to expand the diameter of the softened region by viscous 
flow (the movement expands the diameters of both the 
core and the overall rod). Altematively, if the core diam- 
eter is desirably smaller, a tensile movement is applied 
to stretch that softened region and thereby reduce the 
core diameter (and overall rod diameter), again by vis- 
cous flow. These compressive and/or tensile move- 
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ments are continued, and varied in degree to provide 
the appropriate diameter expansion or contraction, as 
the heat source traverses the core rod. As the heat 
source moves past the region, the diameter adjustments 
are essentially locked in place upon cooling. It is then 
possible to fomi a fiber prefomn containing the resultant 
rod by conventional techniques, and to draw fiber there- 
from. 

[0009] By providing selective core diameter increases 
and/or decreases across the entire length of the core 
rod, a desired core diameter profile is attained. For ex- 
ample, it is possible to attain a substantially uniform core 
diameter, e.g., where the core diameter over at least 
90%, optionally 100%, of the rod length Is within 0.2% 
of the average core diameter, optionally within 0.1%. It 
Is also possible to provide varying core diameter profiles 
to provide particular properties, such as systematically 
varying dispersion. For example, future systems may 
employ fiber having pre-selected dispersion variations 
over a particular transmission length. In order to reduce 
non-linearities. In addition, the ability to increase core 
diameter and core rod diameter in a controlled manner 
makes fabrication of larger core rods possible, which in 
turn makes larger fiber preforms possible, e.g., preforms 
capable of providing at least 1200 km, or even 2400 km, 
of 1 25 |xm diameter fiber. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] 

Fig. 1 illustrates an apparatus suitable for perform- 
ing an embodiment of the invention. 
Fig. 2 illustrates adjustment of a core diameter pro- 
file according to an embodiment of the invention. 
Fig. 3 illustrates adjustment of a core diameter pro- 
file according to an embodiment of the invention. 
Fig. 4 illustrates the effect of an embodiment of the 
invention on fiber dispersion properties. 
Figs. 5A and 6B illustrate adjustment of core diam- 
eter profile and the effect of an embodiment of the 
invention on fiber dispersion properties. 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] Fig. 1 illustrates an apparatus 10 suitable for 
practicing an embodiment of the Invention. A core rod 
12 is held by two chucks 14, 16. The chucks 14, 16 are 
capable of rotating the rod 12, and at least one of the 
chucks, optionally both, is capable of providing tensile 
and compressive movement along the direction of the 
longitudinal axis of the rod 12. A heat source 18 is pro- 
vided, the heat source 18 capable of traversing the 
length of the rod, e.g., along a guide 20, such that dis- 
crete heated portions of the rod 22 are provided. (The 
heat source traverse discussed herein is not intended 
to indicate that the heat source itself must move along 
the rod, but Indicates any technique by which the source 



moves relative to the rod. Including movement of the 
heat source, of the rod, or of both the source and the 
rod.) 

[001 2] The core rod 1 2 is formed by any suitable tech- 
5 nique known to those skilled In the art, e.g., outside va- 
por deposition (OVD), vapor axial deposition (VAD), or 
modified chemical vapor deposition (MCVD). The rod is 
generally silica-based, but other materials suitable for 
making optical fiber are also possible. It Is similarly pos- 
10 sible for the rod to have any desired dopant/refractive 
index profile. 

[0013] The heat source 18 is any source capable of 
heating the rod above the material's softening point. 
Typically, the source is an isothermal plasma torch, e. 
^5 g., as described In co-assigned U.S. Patent No. 
5,861,047. A useful plasma comprises oxygen, e.g. 
pure oxygen or oxygen and an inert gas such as argon 
[0014] The original core profile of the rod is generally 
determined prior to heating, as a function of position 
20 along the rod length (although it Is contemplated that the 
core profile measurement and heat treatment could be 
performed together, e.g., the profile measurement ap- 
paratus traverses the rod ahead of a heat source). The 
profile is generally determined by measuring the refrac- 
ts tive index profile, e.g., by use of a PK Technology pre- 
form profiler. The diameter is generally measured at a 
sufficient number of points to reasonably reflect the 
overall profile, with the particular number of points de- 
pending on the particular application and the desired ac- 
30 curacy of the treatment. Typically, this core profile infor- 
mation Is directly input into a computer. Based on the 
profile, it Is possible to determine what adjustments are 
necessary In the core diameter profile, and more impor- 
tantly, where those adjustments are necessary. In order 
35 to attain a desired profile. These adjustments are typi- 
cally able to be calculated and/or input in the same com- 
puter. 

[0015] Once the core profile is detemnined, the heat 
treatment Is initiated. During the traverse, the source 1 8 

40 heats localized regions 22 of the rod above the softening 
point of the rod material, which typically ranges from 
about 1500 to about 2400**C for silica, with some varia- 
tion depending on the type and extent of doping. Typi- 
cally, these localized regions constitute about 2 to about 

45 10 mm (measured along the longitudinal axis) of the rod, 
depending on the heat source type and the apparatus 
configuration. 

[001 6] While these regions 22 are In a softened state, 
it Is possible to adjust the diameter of the core (along 
50 with the overall rod diameter) by applying a compressive 
or a tensile movement. Specifically, a compressive 
movement will Increase the core and rod diameter, by 
increasing the volume (through viscous flow) within a 
particular length of the rod. Similariy, a tensile move- 
rs ment will reduce the core and rod diameter, by reducing 
the volume (again by viscous flow) of material within a 
particular length of the rod. The compressive and tensile 
movements are performed by movement of one or both 
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of the chucks 1 4, 1 6 relative to the other. The extent and 
type (compressive vs. tensile) of movement is generally 
controlled by a computer, based on a comparison of the 
pre-treatment profile to the desired profile. Thus, as the 
heat source 18 traverses the rod 12, it is possible for 
continual tensile and/or compressive movements to be 
applied, to provide the desired profile. It is also possible 
for no longitudinal movement to be applied, e.g., if the 
core at a particular heated region 22 is already of the 
desired diameter. 

[0017] Advantageously, the rod is arranged such that 
the longitudinal axis is substantially vertical. This verti- 
cal arrangement reduces or eliminates the ability of 
gravity to affect the softened, viscous regions of the rod 
in a non-uniform manner. Without the vertical arrange- 
ment, gravity has the potential to make the rod axially 
non-true and/or to cause bending of the finished rod. 
Generally, the rod is rotated during the heating to im- 
prove the uniformity of the heating. For a plasma torch, 
a core rod rotation of 10 to 30 rpm is typical. A typical 
traverse rate for a plasma torch is 1 to 1 0 cm/minute for 
a rod diameter of 15 to 30 mm (generally, the larger the 
rod diameter, the slower the traverse rate, since thicker 
rods require more heating). 

[0018] For an embodiment of the type illustrated in 
Fig. 1 , but in which (a) only the upper chuck 1 6 is capa- 
ble of tensile/compressive movement, and (b) the torch 
1 8 traverses the rod at a downward velocity, the core 
diameter profile is adjusted, as follows. The torch is tra- 
versed along the longitudinal axis of the rod at a velocity, 
v^, and the top chuck is moved (along the direction of 
the rod's longitudinal axis) at a velocity, v^,, according to: 

Vc = v,(1-(d^/d^)2) (1) 

where d^. is the initial core diameter at a particular region 
prior to heating, and d^j is a desired core diameter at that 
region. The velocity, v^., is either positive or negative, 
depending on whether compressive or tensile move- 
ment is required. For other embodiments, development 
of similar algorithms is within the skill of an ordinary ar- 
tisan, based in the guidelines herein. 
[0019] The core diameter adjustment also changes 
the outer diameter of the rod itself. However, because 
the rod is being placed into an overcladding tube of sub- 
stantially larger diameter, and then collapsed into a pre- 
form, the effect of rod diameter variations are relatively 
small. For example, a change In rod diameter of several 
percent is typically reduced in effect by two orders of 
magnitude when placed into an overcladding tube. In 
addition, if desired, it is possible to remove some of this 
excess material from the outside of the rod. tt is possible 
to perfomi such removal during the core diameter ad- 
justment, e.g., by holding the torch at a particular loca- 
tion such that some exterior material is etched, or by 
another pass of the heat source, tt is also possible to 



perform an etch of the entire rod, again during or after 
the core diameter adjustment. 

[0020] The core diameter adjustment technique is 
useful for attaining a relatively unifonm core diameter 

5 profile. Specifically, it is possible to attain a profile in 
which the core diameter over at least 90%, optionally 
1 00%, of the rod length is within 0.2% of the average 
core diameter, optionally within 0.1%. The entire length 
of the rod is generally able to be treated by attaching 

10 handles to the ends of the rod, with the handles then 
inserted into the chucks. This substantial uniformity pro- 
vides desirable fiber properties, including improved dis- 
persion properties. 

[0021] Also, current processes for making core rods 

^5 generally limit the attainable core rod diameter. As a re- 
sult, the final prefomri size is similarly limited. However, 
because the invention makes it possible to increase 
core diameter and core rod diameter in a controlled 
manner, e.g., by providing controlled compressive 

20 movements during heating, it is possible to make larger 
core rods. Such larger core rods in turn allow fabrication 
of larger fiber preforms, e.g., prefonns capable of pro- 
viding at least 1200 km, optionally at least 2400 km, of 
125 p,m diameter silica fiber. 

25 [0022] It is also possible according to the invention to 
provide specific core diameter profiles to provide partic- 
ular properties, e.g., particular dispersion characteris- 
tics. For example, there exist various fiber designs that 
currently are not capable of being fabricated at all or are 

30 not capable of being fabricated with acceptable yields, 
and the invention will enable fabrication of such designs 
in an efficient manner. One such design is constant-dis- 
persion fiber, as reflected in Examples 3 and 4 below. It 
is expected that the invention will make it possible to 

35 efficiently produce fiber exhibiting substantially constant 
dispersion, i.e., dispersion varying from the average dis- 
persion by about 0.5 ps/nm-km or less. 
[0023] The invention will be further clarified by the fol- 
lowing examples, which are intended to be exemplary. 

40 

Example 1 

[0024] A silica-based core rod fabricated by an MCVD 
process was obtained. The core diameter of the rod was 

45 measured by detenrtining the refractive index profile, at 
1 cm increments along the rod, at a single angular po- 
sition along the rod. The rod was placed vertically into 
a plasma torch apparatus similar to Fig. 1 after the core 
diameter measurement, by securing the top and bottom 

50 of the rod in chucks capable of providing rotation around 
the rod's longitudinal axis.. The top chuck was capable 
of providing movement along the longitudinal axis of the 
rod. Based on the measured profile, the tensile and/or 
compressive movements required to attain a uniform 

55 3.21 mm core diameter were calculated according to 
Equation 1 above. These motions were input into the 
plasma torch control computer, and the treatment was 
begun. The rod was rotated at about 30 rpm. The plas- 
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ma torch ran an oxygen plasma at 50 kW, and traversed 
the rod at a velocity of about 6 cm/minute. The core di- 
ameter profile of the rod before and after the treatment 
is shown in Fig. 2. The treatment substantially improved 
the uniformity of the core diameter. 

Example 2 

[0025] The process of Example 1 was perfonned, with 
the tensile and/or compressive movements calculated 
to provide a unifomn 3.62 mm rod diameter. The core 
diameter profile of the rod before and after the treatment 
is shown in Fig. 3. 

Example 3 

[0026] The process of Example 1 was performed, but 
the compressive and tensile movements were calculat- 
ed, based on computer modeling, such that the core 
would result in a fiber having constant dispersion. The 
dispersion characteristics of fiber that would result from 
the core diameter profile before and after the diameter 
adjustment were calculated, and the results are shown 
in Fig. 4, 

Example 4 

[0027] The process of Example 3 was repeated, with 
the compressive and tensile movements calculated, 
based on computer modeling, such that the core would 
result in a fiber having constant dispersion. Fig. 5A 
shows the core diameter profile before and after the di- 
ameter adjustment. Fig. 5B shows the calculated dis- 
persion. As can be seen, after core diameter profile ad- 
justment, the calculated dispersion is substantially con- 
stant. 

[0028] Other embodiments of the invention will be ap- 
parent to those skilled in the art from consideration of 
the specification and practice of the invention disclosed 
herein. 
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vided rod. 

3. The process of claim 2, wherein the compressive or 
tensile movements are applied to provide a speci- 

5 fied core diameter profile. 

4. The process of claim 1 , wherein the heat source is 
an isothemnal plasma torch. 

10 5. The process of claim 4, wherein the plasma com- 
prises - oxygen, 

6. The process of claim 1 , wherein the process com- 
prises steps of: 

15 

heating a first region of the rod while providing 
a compressive movement along the longitudi- 
nal axis of the rod, wherein the movement in- 
duces an increase in the core diameter at the 
first region; and 

heating a second region of the rod, before or 
after heating the first region, while providing a 
tensile movement along the longitudinal axis of 
the rod, wherein the movement induces a de- 
crease in the core diameter at the second re- 
gion. 

7. The process of claim 1 , wherein, subsequent to the 
traverse, the core diameter over at least 90% of the 
rod length varies less than 0.2% from the average 
core diameter of the rod. 

8. The process of claim 7, wherein, subsequent to the 
traverse, the core diameter over 100% of the rod 
length varies less than 0.2% from the average core 
diameter of the rod. 

9. The process of claim 8, wherein, subsequent to the 
traverse, the core diameter over 100% of the rod 
length varies less than 0.1% from the average core 
diameter of the rod. 

10. The process of claim 1 , wherein a first end of the 
rod is secured by a first chuck and a second end of 
the rod is secured by a second chuck, and wherein 
the first chuck, the second chuck, or both the first 
chuck and the second chuck are capable of provid- 
ing the compressive or tensile movement along the 
longitudinal axis of the rod. 

1 1 . The process of claim 1 , wherein the rod is anranged 
such that the longitudinal axis of the rod Is in a sub- 
stantially vertical position during the traversal step. 

12. The process of claim 3, further comprising the steps 
of: 

subsequent to the traverse, inserting the core 



Claims 

1. A process for fabricating an article, comprising the 45 
steps of: 

providing a core rod comprising a core; 
traversing a heat source along the longitudinal 
axis of the rod to provide heated regions; and so 
during the traverse, providing compressive or 
tensile movements along the longitudinal axis 
of the rod, wherein the movements induce in- 
creases or decreases, respectively, in the core 
diameter at the heated regions. ss 

2. The process of claim 1 , further comprising the step 
of determining the core diameter profile of the pro- 
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rod into an overcladding tube; and 
collapsing the tube onto the rod to fonn an op- 
tical fiber prefomn, the preform capable of pro- 
ducing at least 1 200 km of 1 25 diameter op- 
tical fiber. s 



13. The process of claim 1 2, wherein the preform Is ca- 
pable of producing at least 2400 km of 1 25 pjn di- 
ameter optical fiber. 

10 

1 4. The process of claim 1 , wherein the core rod Is a 
silica-based core rod. 

15. The process of claim 3, wherein the profile is de- 
signed to provide optical fiber exhibiting substan- *5 
tially constant dispersion. 

16. The process of claim 15, further comprising the 
steps of: 

20 

subsequent to the traverse, inserting the core 
rod into an overcladding tube; 
collapsing the tube onto the rod to form an op- 
tical fiber preform; and 

drawing optical fiber from the preform, wherein 25 
the fiber exhibits substantially constant disper- 
sion. 



17. The process of claim 1 , further comprising the steps 
of: 30 

subsequent to the traverse, inserting the core 
rod into an overcladding tube; 
collapsing the tube onto the rod to form an op- 
tical fiber preform; and 35 
drawing optical fiber from the preform. 
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FIG. 3 
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